**Core tip:** Cervical lymph node metastasis of papillary thyroid carcinoma affects the prognosis and treatment of patients. Currently, contrast-enhanced ultrasound and ultrasound elastography have been gradually applied to the diagnosis of cervical lymph node metastasis. However, it is not clear whether contrast-enhanced ultrasound and elastography combined with conventional ultrasound improve the accuracy of lymph node metastasis diagnosis. In this study, we analyzed the differences among conventional ultrasound, contrast-enhanced ultrasound and elastography in metastatic and reactive lymph nodes, and used a logistic regression model to fit the probability equation of lymph node metastasis to improve the diagnostic accuracy of metastatic lymph nodes.

INTRODUCTION
============

Cervical lymph node metastasis in papillary thyroid carcinoma (PTC) often affects the treatment and prognosis of patients. Accurate preoperative assessments is of great importance\[[@B1]-[@B3]\]. Ultrasound is currently the most commonly used diagnostic method for cervical lymph node metastasis of PTC. However, ultrasound is subjective and easily leads to missed diagnosis or misdiagnosis\[[@B4],[@B5]\]. Recently, contrast-enhanced ultrasound and ultrasound elastography have gradually been applied for diagnosing cervical lymph node metastasis of PTC. Xiang et al\[[@B6]\] found that contrast-enhanced ultrasound could predict lymph node metastasis of PTC. Park et al\[[@B7]\] reported the value of elastography in diagnosing lymph node metastasis of PTC. However, there has been controversy over whether contrast ultrasound and elastography combined with conventional ultrasound can improve the diagnostic accuracy for lymph node metastasis. Accordingly, the present study explored the optimal diagnosis of cervical lymph node metastasis in PTC by analyzing the features of conventional ultrasound, contrast ultrasound and elastography.

MATERIALS AND METHODS
=====================

Participants
------------

We enrolled 94 patients with PTC at Shenzhen Nanshan District People's Hospital from May 2016 to May 2018. According to the pathological results of postoperative lymph nodes, the patients were divided into a metastatic group and a reactive group. There were 43 patients with a total of 50 nodules in the metastatic group (10 males and 33 females, mean age 49.27 ± 13.85 years). There were 51 patients with a total of 63 nodules in the response group (16 males and 47 females, mean age 48.51 ± 15.30 years). The inclusion criteria were as follows: (1) patients diagnosed with PTC by puncture biopsy and planned for an operation; (2) no treatment with anti-thyroid medicine before operation; and (3) patients underwent preoperative contrast-enhanced ultrasound and elastography examinations. The exclusion criteria included patients with severe liver failure, renal failure, hematopoietic dysfunction, or other serious medical diseases. All subjects underwent total or subtotal resection and central lymph node dissection. Some underwent neck dissection. The present study was approved by the ethics committee of Shenzhen Nanshan District People's Hospital, and written informed consent was obtained from all patients.

Research methods
----------------

An Esaote MyLab 90X (Italy) Ultrasound System with a linear probe was used. The subjects lied in a supine position, with their neck and shoulders raised and their head pulled back to fully expose the neck. Ultrasound examination was performed on each subject. The anteroposterior diameter (S) and transverse diameter (L) of suspected lymph nodes were measured. L/S ratio was calculated and recorded as \> 2 or ≤ 2. Other indexes such as marginal morphology of suspected lymph nodes (regular/irregular), lymphatic portal (existing/missing), cortical echo of lymph node (low/equal/high echo), calcification (no/yes), liquefaction (no/yes), blood flow distribution (central/peripheral/mixed blood flow), and blood flow classification (0-2) were recorded.

SonoVue (Bracco SpA, Milan, Italy) was used as an ultrasound contrast agent, which was a lyophilized powder added to 5 mL of 0.9% saline, and gently shaken into a uniform microbubble suspension. Subsequently, 1.2 mL of SonoVue was injected *via* the anterior antecubital vein, and washed with 5 mL of saline. The timer was turned on, and the dynamic contrast was observed and collected for approximately two minutes. Peak intensity (PI), time to peak (TP), area under the curve (AUC), contrast distribution (uniform/non-uniform), perfusion area (no/yes), and boundary condition (unclear/clear) were recorded. Finally, the ultrasound real-time tissue elastic imaging (RTE) function was turned on. RTE is an elastographic technique that converts the change in the amplitude of the echo signal before and after compression into a real-time color image. The probe was placed in a vertical position on the lesion and was slightly vibrated. When the pressure indicator was constant green (representing good RTE image quality), the image was frozen and stored. The color distribution of RTE was distributed according to the following rules: the softer part is mainly red, and the harder part is blue. According to the different colors of the lesion area, the elasticity score of 5 points was used for evaluation: 1 point, the lesion and the surrounding tissue are equally green; 2 points, the lesion area is a mixture of blue-green and green (mainly green); 3 points, the lesion area is a mixture of blue-green and green (mainly blue); 4 points, the lesion area is equally blue; and 5 points, the lesion area is all covered with blue, and a small part of the surrounding tissue is also blue\[[@B8]\]. All examinations were performed by the same experienced doctor.

Statistical analysis
--------------------

SPSS 19.0 statistical software was used in the present study. Measurement data are expressed as the mean ± standard deviation (SD), and count data are expressed as numbers. Comparison of two sets of measurement data were performed by the *t*-test, while the *X^2^*-test was used to compare the count data. Logistic regression was used for the multivariate analysis of different factors to further screen for potential independent factors in the diagnosis of lymph node metastasis, and it was used to generate a combination of predictive probability distributions for different indicators. Receiver operating characteristic (ROC) curves were used to test the efficacy of different indicator combinations. The value of the combined use of different indicators in the diagnosis of lymph node metastasis in PTC was evaluated.

RESULTS
=======

Comparison of ultrasound examination results in the metastatic and reactive groups
----------------------------------------------------------------------------------

According to the pathological results of postoperative lymph nodes, 50 lymph nodes were assigned to the metastatic group, while 63 lymph nodes were assigned to the reactive group. Ultrasound revealed that compared with reactive lymph nodes, metastatic lymph nodes mostly had a round or round-like shape and L/S ratio ≤ 2. These metastatic lymph nodes had unclear boundaries, irregular margins, and internal non-uniform low echo. The partial cortices were in high or equal echo, and most of these lacked high echo. Some lymph nodes had small calcification and liquefaction. Doppler ultrasound revealed that blood flow signals were abundant in metastatic lymph nodes, and peripheral or mixed blood flow patterns were more common. Contrast-enhanced ultrasound revealed that the PI of metastatic lymph nodes was higher and more non-uniformed distributed (Figure [1](#F1){ref-type="fig"}). RTE revealed that the metastatic lymph nodes showed a blue-green distribution, and the surrounding tissues were mostly green (Figure [2](#F2){ref-type="fig"}).

![Ultrasound contrast sonogram of metastatic lymph nodes. It reveals that the lymph nodes were enhanced, and the distribution was not uniform.](WJCC-7-49-g001){#F1}

![Elastography of metastatic lymph nodes in papillary thyroid carcinoma. It reveals that the lymph nodes had a hard texture and blue-green color.](WJCC-7-49-g002){#F2}

The comparison of ultrasound examination results in these two groups is presented in Table [1](#T1){ref-type="table"}. L/S ratio ≤ 2, irregular marginal morphology, missing lymphatic portal, peripheral or mixed blood flow distribution, PI, non-uniform contrast distribution and elasticity score in the metastatic group were significantly higher than those in the reactive group (*P* \< 0.05).

###### 

Comparison of general information between the metastatic group and reactive group

  **Group**                                  **Metastatic group (*n* = 50)**   **Reactive group (*n* = 63)**   ***t*/*χ*^2^**   ***P***
  --------------------------- -------------- --------------------------------- ------------------------------- ---------------- ----------------------------------------
  L/S ratio                   \> 2           24                                60                              32.606           0
  ≤ 2                         26             3                                                                                  
  Boundary morphology         Irregular      36                                7                               43.13            0
  Regular                     14             55                                                                                 
  Liquefaction                Yes            2                                 0                               \-               0.113[\*](#T1FN1){ref-type="table-fn"}
  No                          48             63                                                                                 
  Calcification               Yes            5                                 6                               0.007            0.932
  No                          45             57                                                                                 
  Lymphatic portal            Yes            23                                59                              31.795           0
  No                          27             4                                                                                  
  Cortical echo               Low            35                                53                              3.229            0.072
  Qual/high                   15             10                                                                                 
  Blood flow distribution     Central type   26                                53                              13.678           0
  Peripheral or hybrid        24             10                                                                                 
  Blood flow classification   0              6                                 6                               2.914            0.233
  1                           33             50                                                                                 
  2                           11             7                                                                                  
  PI                                         26.42 ± 6.79                      21.82 ± 7.91                    5.237            0
  TP (s)                                     24.19 ± 4.37                      24.32 ± 5.16                    1.133            0.259
  Area under curve                           5.88 ± 1.57                       5.73 ± 1.72                     1.631            0.105
  Contrast distribution       Non-uniform    24                                10                              13.678           0
  Uniform                     26             53                                                                                 
  No perfusion zone           Yes            4                                 2                               \-               0.140[\*](#T1FN1){ref-type="table-fn"}
  No                          46             61                                                                                 
  Boundary                    Unclear        8                                 9                               0.064            0.8
  Clear                       42             54                                                                                 
  Elasticity score            1              0                                 33                              31.795           0
  2                           14             22                                                                                 
  3                           23             8                                                                                  
  4                           13             0                                                                                  
  5                           0              0                                                                                  

Fisher\'s exact test. L/S: Long diameter/short diameter; PI: Peak intensity; TP: Time to peak.

Multivariate logistic regression analysis of cervical lymph node metastasis in PTC
----------------------------------------------------------------------------------

The multivariate logistic regression analysis of L/S ratio, marginal morphology, missing lymphatic portal, blood flow distribution, PI, contrast distribution and elasticity score revealed that L/S ratio, missing lymphatic portal, PI and elasticity score were independent influencing factors of cervical lymph node metastasis of PTC (*P* \< 0.05, Table [2](#T2){ref-type="table"}).

###### 

Multivariate regression analysis of cervical lymph node metastasis in papillary thyroid carcinoma patients

  **Factor**                                                   **β**   **SE**   **Wald**   ***P***   **OR**   **95.0%CI**   
  ------------------------------------------------------------ ------- -------- ---------- --------- -------- ------------- --------
  L/S (\> 2 = 0, ≤ 2 = 1)                                      3.136   0.385    12.732     0.003     23.006   10.817        48.928
  Boundary shape (rule = 0, irregular = 1)                     0.767   0.681    3.294      0.134     2.153    0.567         8.179
  Lymphatic portal (with = 0, no = 1)                          2.796   0.582    13.592     0.002     16.384   5.236         51.266
  Blood flow distribution (central type = 0, mixed type = 1)   0.093   0.209    1.563      0.329     1.098    0.729         1.654
  PI                                                           0.169   0.081    8.452      0.003     1.184    1.01          1.388
  Contrast distribution (uniform = 0, non-uniform = 1)         0.453   0.301    3.73       0.065     1.573    0.872         2.838
  Elasticity score                                             1.589   0.231    9.457      0.03      4.901    1.131         1.861

ROC curve analysis of indicators in the diagnosis of cervical lymph node metastasis of PTC
------------------------------------------------------------------------------------------

The AUC of PI in the diagnosis of lymph node metastasis was 0.698. When the elasticity score was combined with PI in the logistic regression model, the combined AUC increased to 0.890. The combination AUC of PI, elasticity score, L/S ratio and missing lymphatic portal for the diagnosis of lymph node metastasis was 0.949, which was significantly higher than the AUC of PI alone (*P* \< 0.05, Figure [3](#F3){ref-type="fig"}). The fitting equation for the combined diagnosis was logit(P) = -10.230 + 1.753 × L/S ratio + 3.243 × missing lymphatic portal + 0.165 × PI + 2.248 × elasticity score.

![Receiver operating characteristic curve analysis of combined evaluation of papillary thyroid carcinoma cervical lymph node metastasis.](WJCC-7-49-g003){#F3}

DISCUSSION
==========

Cervical lymph node metastasis in patients with PTC is closely related to the prognosis. Accurate diagnosis of metastatic cervical lymph nodes before surgery is essential\[[@B9]-[@B11]\]. Currently, ultrasound is commonly used in the diagnosis of PTC cervical lymph node metastasis\[[@B12]-[@B14]\]. The possible ultrasound results including L/S ratio \< 2, missing lymphatic portal, liquefaction, calcification and other ultrasound signs suggest lymph node metastasis\[[@B15]-[@B17]\]. However, not every patient with lymph node metastasis has typical ultrasound signs. It is still necessary to combine other examination methods to improve the accuracy of diagnosis. With the development of ultrasound imaging and ultrasound elastography, its application in the diagnosis of lymph node metastasis is becoming more and more common. Contrast-enhanced ultrasound and elastography have been reported in the literature for preoperative diagnosis of PTC cervical lymph node metastasis\[[@B18]-[@B20]\]. However, regardless of contrast-enhanced ultrasound or elastography, the accuracy of individual diagnosis is unclear. The aim of this study was to explore the value of the combination of these two methods based on conventional ultrasound. Therefore, with the aim to investigate the diagnostic value for PTC cervical lymph node metastasis by combined contrast ultrasound and elastography on the basis of conventional ultrasound, the patient's conventional ultrasound, contrast-enhanced ultrasound and elastography data of PTC cervical lymph node metastasis were compared and analyzed in the present study.

In this study, we found that L/S ratio ≤ 2, irregular margins, missing lymphatic portal, and non-uniform blood flow distribution were significantly higher in the metastatic group than in the reactive group, which is consistent with the report by Hong et al\[[@B21]\]. These indicators are typical ultrasound characteristics of PTC metastatic cervical lymph nodes. It is noteworthy that lymph node liquefaction is also a typical ultrasound characteristic but only two cases were found in the metastatic lymph nodes. Thus, it implied that although the lymph node liquefaction is typical, it is not universal enough and difficult to be used as an indicator for diagnosing lymph node metastasis. In addition, calcification, enhanced cortical echo and enhanced blood flow in metastatic lymph nodes were higher than those in reactive lymph nodes, but the difference was not statistically significant (*P* \> 0.05). It suggested that these indexes cannot be accurately used alone for diagnosis. This may be one of the reasons why conventional ultrasound cannot accurately diagnose metastatic lymph nodes.

Contrast-enhanced ultrasound can clearly reflect microvascular information in the cervical lymph nodes\[[@B10],[@B22],[@B23]\]. Because of changes in the blood supply to lymph nodes infiltrated by cancer cells, ultrasound contrast is often displayed as non-uniform high perfusion from the periphery of the lymph nodes. The contrast-enhanced ultrasound of the reactive lymph nodes showed a uniform enhancement from the lymphatic portal. This phenomenon provides a reference for the diagnosis of cervical lymph nodes by contrast-enhanced ultrasound. In our study, PI and non-uniform contrast agent distribution in metastatic lymph nodes were significantly higher than those in reactive lymph nodes. It is suggested that the metastatic lymph nodes in our study also showed non-uniform high perfusion from the periphery of the lymph nodes. However, it must be recognized that different metastatic lymph nodes may have different blood supply status, and there is a difference in contrast-enhanced ultrasound\[[@B24]-[@B26]\]. Therefore, the accuracy of contrast-enhanced ultrasound in the diagnosis of PTC cervical lymph node metastasis remains controversial.

Currently, there are few studies on the relationship between elastography and PTC cervical lymph node metastasis. Duan et al\[[@B27]\] believed that the elasticity score of cervical lymph nodes was positively correlated with hardness, and the higher the score, the greater the possibility of metastasis. Xu et al\[[@B23]\] revealed the accuracy of acoustic radiation force impulse in predicting cervical lymph node metastasis. However, the value of elastography in the diagnosis of cervical lymph node metastasis was limited\[[@B28]\]. In the present study, the elasticity of metastatic lymph nodes was harder. The elastic score of 3 or 4 points was significantly higher than that of the reactive lymph nodes. It is also suggested that the overall hardness of the metastatic lymph nodes is higher than that of the reactive lymph nodes.

In order to further explore the role of conventional ultrasound, contrast-enhanced ultrasound and elastography in assessing PTC cervical lymph node metastasis, multivariate logistic regression analysis was performed. It was found that L/S ratio, missing lymphatic portal, PI and elasticity score were independent factors (*P* \< 0.05). ROC curve analysis revealed that the AUC of PI in the individual diagnosis of lymph node metastases was only 0.698. Thus, it was difficult to be a diagnosis tool alone. However, when combined with elasticity score, the combined AUC increased to 0.890, which was significantly higher than that of PI alone. According to the result of logistic regression analysis in this study, missing lymphatic portal and L/S ratio ≤ 2 had a greater impact on cervical lymph node metastasis. Therefore, PI, elasticity, missing lymphatic portal and L/S ratio were combined, and it was found that the combined AUC could reach 0.949. It suggested that the combination of conventional ultrasound, contrast ultrasound and ultrasound elasticity can effectively improve the diagnostic accuracy. According to the fitting equation logit(P) = -10.230 + 1.753 × L/S ratio + 3.243 × missing lymphatic portal + 0.165 × PI + 2.248 × elasticity score, lymph node metastasis can be predicted by entering the above parameters using SPSS software.

In summary, the present study compared the differences among conventional ultrasound, contrast-enhanced ultrasound and elastography in the diagnosis of metastatic and reactive lymph nodes. A logistic regression model was used to combine the three technologies and provide a fitting equation for the diagnosis of lymph node metastasis. This combined diagnostic equation provided better diagnostic accuracy for metastatic lymph nodes than separate diagnoses. However, due to the limited sample size of the study, the fitting equation needs further verification.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Cervical lymph node metastasis in patients with papillary thyroid carcinoma (PTC) is closely related to the prognosis of patients. Therefore, the accurate diagnosis of preoperative cervical metastatic lymph nodes has an important impact on the choice of surgical plan and the prognosis of PTC patients. Ultrasound is a common imaging method for detecting cervical lymph nodes in PTC patients. Some ultrasound signs of lymph nodes can indicate the possibility of lymph node metastasis, but these ultrasound signs are not accurate in determining lymph node metastasis.

Research motivation
-------------------

Currently, contrast-enhanced ultrasound and elastography are new techniques for ultrasound diagnosis. Studies have revealed that contrast-enhanced ultrasound and elastography can be used to diagnose metastatic lymph nodes, but the accuracy is controversial. Our study aimed to combine traditional ultrasound results and contrast-enhanced ultrasound and elastography to improve the accuracy of lymph node metastasis diagnosis.

Research objectives
-------------------

In this study, we analyzed the conventional ultrasound, contrast-enhanced ultrasound and elastography data of lymph nodes in PTC patients. The purpose of this study was to explore the accuracy of combined use of contrast-enhanced ultrasound and elastography based on conventional ultrasound in the diagnosis of PTC cervical lymph node metastasis.

Research methods
----------------

A total of 94 patients with PTC were recruited, and the patients were divided into a metastasis group and a reactive group. There were 50 nodules in the metastatic group and 63 nodules in the reactive group. Conventional ultrasound, contrast-enhanced ultrasound and elastography were performed and data were recorded. Logistic regression was used to generate predictive probability distributions for the diagnosis of lymph node metastasis with different indicators, and ROC curves were used to test the accuracy of different indicator combinations.

Research results
----------------

The long diameter/short diameter (L/S) ratio and missing lymphatic portal as revealed by traditional ultrasound, the peak intensity (PI) measured by contrast-enhanced ultrasound and the elastic score measured by elastography had an effect on the occurrence of PTC cervical lymph node metastasis (*P* \< 0.05). The accuracy of combined PI, elastic score, missing lymphatic portal and LS ratio in diagnosing lymph node metastasis was higher than the accuracy of individual diagnosis. The fitting equation for combined diagnosis was logit(P) = -12.341 + 1.482 × L/S ratio + 3.529 × missing lymphatic portal + 0.392 × PI + 3.288 × elasticity score.

Research conclusions
--------------------

Compared with traditional ultrasound diagnosis, the combination of contrast-enhanced ultrasound and elastography based on gray-scale ultrasound is expected to accurately assess PTC lymph node metastasis.

Research perspectives
---------------------

Both contrast-enhanced ultrasound and elastography are non-invasive ultrasound diagnostic techniques. The combined diagnosis can improve the diagnostic accuracy for PTC lymph node metastasis and provide important reference for the selection of clinical surgical plans.
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